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Abstract 
 
The primary goal of the Genesis Mission is to collect solar wind ions and, from their 

analysis, establish key isotopic ratios which will help understand solar nebula formation 

processes. These include the 17O/16O and 18O/16O ratios to ±0.1%, 15N/14N to ±1%, and 

Li, Be, and B elemental and isotopic abundances. However the required accuracies in 

these ratios cannot be determined without concentrating the solar wind and implanting it 

into a sample that will be returned to Earth for analysis. The Genesis Concentrator is 

designed to concentrate the heavy ion flux from the solar wind by an average factor of at 

least 20 and implant it into a target of ultra-pure, well-characterized materials.  High-

transparency grids are used near the aperture to reject >90% of the protons, avoiding 

damage to the target, and also to accelerate the remaining ions, providing better focusing 

properties and better implantation into the target.  The design uses an energy-independent 

parabolic ion mirror to focus ions onto a 6.2 cm diameter target of selected materials, the 

impurities of which have been established and documented to be below 10% of the levels 

expected from the concentrated solar wind. Voltages inside the Concentrator are 

constantly adjusted based on real-time solar wind speed and temperature measurements 

from the Genesis ion monitor, so as to optimize concentration of the ions.  Construction 

of the Concentrator required new developments in ion optics; materials; and instrument 

testing and handling.  

 
Introduction 
 
The goal of the Genesis mission is to determine the elemental and, in particular, the 

isotopic composition of the original solar nebula.  Because the Sun contains more than 
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99.5% of the solar system mass and because the outer layers of the Sun are thought to be 

unchanged over time, the solar composition is essentially equivalent to the composition 

of the solar nebula.  A definitive measure of this composition would serve as a baseline 

for understanding differences in the present composition of solar system bodies. Key 

isotopic ratios include the 17O/16O, 18O/16O, 15N/14N, 13C/12C, and noble gas isotopic 

ratios. Other objectives include the Li/Be/B elemental and isotopic abundances, which 

should help constrain solar evolution, and the radioactive nuclei (14C, 10Be), which should 

constrain the recent solar-surface energetic particle flux. Oxygen isotopic heterogeneity 

among solar system bodies (e.g., Clayton, 1993), cannot be interpreted without putting it 

in the context of the solar oxygen isotopic composition (Wiens et al., 1999). Likewise, 

the evolution of planetary atmospheres, particularly in terms of δ15N and noble gas 

isotopes, cannot be correctly modeled without knowledge of the starting composition.  

 In-situ mass spectrometric analysis of the solar wind isotopic composition is hampered 

by the large range of charge states and energies over which the solar wind occurs, but 

especially by the large required dynamic range (e.g. 17O / 16O = 4x10-4 ).  While lower 

precision measurements of N (Kallenbach et al., 1998), O (Collier et al., 1998; Wimmer-

Schweingruber et al., 2001), Ne (Kallenbach et al., 1997), Si, Fe, Cr, and a few other 

isotopes have been made by in-situ mass spectrometers, the Genesis mission takes a 

different approach by collecting samples of the solar wind to return to Earth for analysis. 

 

The Genesis mission was launched in August 2001, traveled to the L1 point between 

Earth and the Sun where it is exposing collector materials to the solar wind, a mission 

segment the will last nearly 3 years, and will then return the samples to Earth for ground-
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based analysis. After sample return in fall 2004, analyses of target materials will take 

place using a number of techniques.  The isotopic abundances of the implanted solar 

wind in these samples and by proxy the solar composition will be determined to levels of 

accuracy required by planetary science applications. 

 

The primary difficulty with the Genesis concept is the low fluence of ions heavier than 

helium in the solar wind.  Measuring the isotopic abundances of some key elements such 

as O and N is difficult using simple passive collection. This is because large  (>50 cm2 

areas) must be analyzed and because only one material (float zone Si) has adequate bulk 

purity.   However, float zone Si has a native oxide layer and, because of SiN formation, 

we know of no way to extract N from large areas of Si.  Consequently, to optimize signal 

to background, allowing the determination of these isotopic ratios, the Genesis payload 

includes a large-aperture solar wind Concentrator designed to increase by an average 

factor of ~20 the fluence of isotopes in the m/q range of 2.0 to 3.6 amu/charge 

(essentially masses 4 to 28). Table 1 lists estimated elemental abundances normally seen 

in the solar wind and their expected implantation levels in the Concentrator targets 

 
Element Solar wind abundance Expected concentration 

given 20x concentration 
factor 

N 0.01% 4x1018/cc 
O 0.08% 3x1019/cc 
F 0.03ppm 1x1015/cc 
Ne 0.01% 4x1018/cc 
Table 1. Target implantation levels expected in the Concentrator.  Concentrations refer to 

average over outer 100 nm 
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Overview 

The Genesis spacecraft is designed to orbit the L1 point between the Earth and the Sun 

for nearly 3 years while collecting solar wind.  It is pointed into the solar wind 4.5±2.0° 

off a direct line of sight to the Sun such that it will be directly facing the apparent average 

solar wind direction. The spacecraft will then return to Earth and its sample return 

capsule will parachute back to Earth where the samples that have been implanted with 

solar wind will be removed and distributed to laboratories for elemental and isotopic 

analysis.  

 

 The Genesis Concentrator is a unique instrument in that it does not send back any data 

from space other than simple state-of-health housekeeping data. Instead, its targets will 

be removed for analysis at the end of the mission. Figure 1 shows the Concentrator inside 

the spacecraft’s science canister which prevents contamination during the launch, flight, 

and re-entry phases of the mission. Once on station at L1 the science canister is opened as 

shown to expose the Concentrator to the solar wind. 

 

The Concentrator includes many novel developments: a new design for electrostatic 

mirrors; new testing methodologies; ultra-clean shipping and handling in the final stage 

of flight preparation; ultra-fine, ultra-strong stainless steel mesh; O-free resistive coatings 

for ceramic components; and high precision segments of ultra pure SiC, 13C enhanced 

CVD diamond, and low N amorphous diamond film on a Si substrate (Jurewicz et al., 

2001). 
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Figures 2 and 3 show the Concentrator’s final design in partially cut-away cross-section 

and cut-away 3-dimensional views. Ions from the solar wind come from the upper portion 

of these figures, the direction pointed into the solar wind in the operational configuration. 

Ions initially traverse the first, grounded grid to enter the Concentrator.  The outermost 

grid and instrument skin must be at spacecraft ground to prevent stray electric fields from 

the Concentrator from interfering with other parts of the spacecraft.  The next grid down 

is the hydrogen-rejection grid.  This grid is biased such that at least 90% of the solar wind 

protons are rejected in order to minimize proton radiation damage to the target. Rejection 

of this fraction of solar wind protons without also rejecting heavy ions requires that the 

hydrogen rejection grid voltage maintains a constant ratio relative to the peak of the solar 

wind proton energy distribution.  The Genesis ion monitor (Barraclough et al., 2001), 

together with the science algorithm (Neugebauer et al., 2001) provide the energy levels 

every 2.5 minutes to update rejection grid voltages. The upper two panels in Figure 4 

shows how variations in the voltage on the hydrogen-rejection grid change the amounts 

of hydrogen and heavy ions rejected vs. electrostatic ratio of voltage to the peak of the 

solar wind proton energy distribution. The voltage on the hydrogen-rejection grid is VH = 

Ep * R where Ep is the peak of the proton energy distribution and is a running average of 

three measurements of the peak of the proton energy distribution from the ion monitor 

(Barraclough et al., 2001), and R is the ratio. The lower panel of Figure 4 shows the 

fractionation of oxygen as a function of ratio and thermal Mach number. The losses and 

fractionation limit the voltage level at which the hydrogen-rejection grid can be operated 

and still achieve the desired collection of heavy ions. A thorough analysis of the mass 

fractionation in the Concentrator is presented in Wiens et al., 2001.  
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Ions which successfully transit the hydrogen-rejection grid, will next have their group 

velocity increased relative to its value in the solar wind while their relative angular 

scattering is decreased as they approach the “acceleration” grid. The acceleration energy 

acquired by ions as they approach the acceleration grid is Ea = - qVa where q is the ion’s 

charge and Va is the voltage applied to the acceleration grid. The total energy of an ion is 

Et = - qVa + Ei after it passes through the acceleration grid, where Ei is the ion’s original 

energy in the solar wind. The acceleration accomplishes two goals:  1) it straightens the 

ion trajectories, allowing higher concentration factors, and 2) it provides higher energy 

implantation into the target. The acceleration voltage will be fixed at -6.5kV during 

operation and –10kV is the maximum allowed in the design. After passing through the 

acceleration grid, ions enter the field-free acceleration “can,” a region in which all ions 

maintain their trajectories and energies of - qVa + Ei. Having passed through the 

acceleration can, the ion must then pass through the “domed” or mirror grid which is part 

of the acceleration can and is maintained at the same voltage as the acceleration grid. The 

acceleration can is clearly visible in Figures 2 and 3 and is made up of the acceleration 

grid, the domed grid, and the outer can wall shown in green in Figure 2.  Ions are 

reflected in the region between the domed grid and the bottom “mirror” electrode which 

is maintained at a positive voltage of up to +10kV.  The region between the mirror grid 

and the mirror electrode forms a “mirror field” which acts to reflect ions and focus them 

onto the target. Like the hydrogen rejection grid, the mirror electrode voltages are 

adjusted in real time based on monitor and science algorithm data. The voltage on the 

mirror electrode is set to give a 20% margin in energy on the highest expected oxygen 



8 
Draft 

Draft 

m/q, of 3.6, based on 18O+5, therefore the mirror voltage is Vm= 4.32*Ep and will produce 

a mirror point in most ion’s trajectories well away from the mirror electrode. Ion 

trajectory turn-around far from the mirror is necessary because the mirror electrode itself 

is not a smooth surface.  It has been microstepped as shown in Figure 5 so that optically it 

appears to be a flat plate reflecting the Sun's photons back to space but the electric field it 

produces at a distance several times the height of the microsteps (100µm) will smoothly 

focus the solar wind ions. Microstepping is a necessity if the target temperature is to be 

below ~250ºC to prevent implanted ions from being boiled off.  Testing showed that less 

than one percent of the total incident optical flux was focused onto the target region by 

the mirror electrode. Ions reflected by the mirror field travel back into the acceleration 

can transiting the domed grid once again. Having re-entered the acceleration can the ions 

again have the total energy Et described above. Ions are now focused onto the target area 

in which they are then implanted at a depth which has been increased by the additional 

acceleration component, -qVa, of their total energy. The target’s sensitive area which 

faces downward in Figures 2 and 3 is made up of SiC, amorphous diamond film on a Si 

substrate, and 13C enhanced CVD diamond sections (Burnett et al. 2001) which are 

clearly visible in Figure 6. 

 

The grids that carry the Concentrator’s operating voltages and form the desired electric 

fields must have as high an open area ratio as possible while still maintaining structural 

integrity and highly uniform electric fields. A grid pitch of at least 20 lines/cm (50 

lines/inch or lpi) is necessary to maintain field uniformity.  However, because ions must 

pass through 5 grids (twice through the domed grid) to reach the target, all grids must 
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have open area ratios A ≥ 0.90 because the percentage of ions that transit all grids is 

geometrically A5. Thus the grid wires can have a maximum thickness in the direction 

parallel to the surface of the grid of ≤26µm. The grids used in the Concentrator are woven 

from 25µm stainless steel wires on a 50 lpi pitch which gives them an open area ratio 

90.4%. All structures supporting the grids and elsewhere in the Concentrator flight region 

were likewise minimized to prevent the loss of ions from collisions with these structures. 

Although grid support frames are only a few millimeters thick these structures also can 

perturb the desired electric fields and were placed on the side of the grids that minimized 

the field variations they cause. For the grounded grid the structure is above the grid in the 

low field region around the spacecraft. The hydrogen-rejection grid has, on average, a 

lower field strength on the side closer to the grounded grid, therefore the structure 

supporting the hydrogen-rejection grid is on the side nearest to the grounded grid. The 

volume inside the acceleration can is a field-free region therefore the acceleration grid’s 

supporting structure is below its grid and the support for the domed grid is above its grid. 

 

The ultra-clean requirements mean that the electronics must be sealed away from the 

Concentrator and the internal portion of the sample-return canister. The electronics boxes 

were therefore mounted on the bottom side of the Concentrator’s base plate. The base 

plate forms a seal with the sample-return canister’s deck using a low vapor pressure o-

ring. All electronics connections are made through hermetic feed-throughs welded into 

the Concentrator’s base plate and all of the feed-through parts and wiring for the high 

voltages on the clean side of the Concentrator base plate are ultra-low outgassing ceramic 

or metal components. By using the hermetic seal, standard flight electronics could be 
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used without causing contamination to the Concentrator or any other collection materials 

mounted inside the sample-return canister.  Voltages are input to each electro-optical 

component on hard connections which are wired to each of the feed-throughs with 

soldered connections to small wire jumpers. The solder was allowed despite cleanliness 

requirements because a low outgassing solder was used and, as is visible in Figure 3, the 

high voltage input section is largely sealed off from the rest of the Concentrator. 

Connections between the high voltage bus bars, small wire jumpers, and high voltage 

feed-throughs can be seen in Figure 3.  

 

The Concentrator was subjected to all of the standard tests required of a flight instrument 

as well as being subjected to a unique characterization regimen designed to provide flight 

performance verification. After initial tests of a prototype confirmed that the 

Concentrator design would meet the scientific requirements, two Engineering Models 

(EMs) were constructed. Two EMs were required to meet the demanding integration and 

test schedule.  One model was used for detailed thermal testing, including solar thermal 

vacuum grid mapping at the instrument level, and solar thermal vacuum testing at the 

canister level.  The use of two EMs allowed modification of the thermal EM for 

installation of thermocouples and associated wiring into the interior portions, including 

the target and grid frames. The flight model (FM) was tested at instrument and canister 

levels prior to final cleaning and gold coating, though as such it had to forego accurate 

thermal testing.  This was acceptable because of the high fidelity of the EMs.  After re-

assembly, the FM was never exposed outside a clean room or clean vacuum chamber. 

This necessitated the unusual omission of a final workmanship vibration, but all of the 
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final assembly techniques had been tested and verified several times on the EMs and 

were both performed and observed by multiple quality assurance personnel. Its flight-

readiness was verified by high voltage testing to 105% of maximum operating voltages 

and a thorough final optical mapping which can be done under clean conditions and is 

described below. 

 

Design and Development  

The design goals of a concentration factor of at least 20 with a mass fractionation 

averaged across the target quantified to better than 0.1% was set to allow sufficiently 

detailed analysis of implanted material to provide the solar isotopic ratios of the 17O/16O 

and 18O/16O to +/-0.1%, and 15N/14N to +/-1% using the best analytic techniques 

available. Theses design requirements were primarily developed by comparing what 

could be collected from the solar wind in a reasonable mission length with the minimum 

content of O and N in ultra-pure materials and determining what would be required to 

analyze implanted O and N accurately.  Table 2 shows the full list of performance criteria 

that were used throughout the development of the Concentrator. 

 

Many different electro-optical configurations were tested but the most efficient is the ion 

analog of the optical reflecting telescope described above. This is because like an optical 

telescope, an ion telescope concentrates the flux which impinges on its aperture by using 

a large collection area well-focused onto a relatively small target. Designs which use 

multiple targets and apertures or electro-optical lenses to focus ions onto target areas 

were examined but ultimately the best concentration is achieved just as it is in 



12 
Draft 

Draft 

telescopes—a large-area aperture, most compactly and cheaply produced with a mirrored 

configuration, is focused with high f-number optics onto a small target. The 6cm 

diameter of the Concentrator’s target comes directly from the focusing ability of the ion 

mirror given the known angular and energy distributions of the solar wind. However, 

unlike with photon-optics, ion-optical mirrors that give high f-number focusing cannot be 

made achromatic with simple parabolic optics. The equivalent of photon-chromatic 

effects in ion optics is differential focusing which is energy-dependent. This is a major 

concern for the Concentrator because the solar wind accelerates all of its components to 

the same velocity and this means that any mass difference in component ions translates to 

an energy difference. Energy-dependent focusing is thus equivalent to mass fractionation 

which is unacceptable for the scientific investigation to be performed by the 

Concentrator.  

 
Performance parameter Value Required Value Achieved Comments 
Average Concentration 
Factor for N and O  

≥20 21.4 Low speed solar wind 

  20.9 Weighted average over all 
expected solar wind speeds 

Target Area ≥15 cm2 25.9cm2  

Errors in 17O/16O 0.1% 0.085%  Calculated with SIMION 
before flight to this level 
Checked after flight with 
Ne+ implantation levels 

Target Temperature  ≤250°C. 230ºC  
Ion Acceleration Before 
Impacting Target 

>5 Kv 10kV possible see text Operation point may be 
different 

Solar Wind Proton Fluence 
Prevented From Reaching 
Target 

≥90% ≥93% 
 

Averaged over all thermal 
Mach numbers 

Surface Contamination by 
C, N, O 

<1015 atoms/cm2 under 
ultra high vacuum (<10-
8torr) conditions at 200ºC 

 Concentrator gold coating 
approved. 
Grids not coated 
calculations show minimal 
implantation resulting 
Inflight contaminates do 
not implant 

Table 2. Concentrator performance requirements. 
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This was corrected by developing an electro-optical design which produced a virtual 

parabolic surface at which the ions were reflected. The upper portion of Figure 7 shows 

the energy-dependent or chromatic focus of a design where similar parabolic mirror grid 

and electrode designs are used. No design of this type with similar parabolic electro-

optical mirror elements will focus without chromatic distortions because the penetration 

of the ions into the mirror-field region varies with the angle between the mirror surfaces 

and the incident ion’s direction. Ions of equal energy will penetrate more deeply into the 

mirror region at the edges of the mirror because the reflection point is determined by the 

component of particle’s velocity which is parallel to the field lines. Thus ions in the more 

steeply inclined portion of the mirror near the edges turn around closer to the mirror grid 

than those in the central portion. As Figure 7 shows, this effect varies with ion energy and 

thus cannot be corrected by a simple adjustment of the focal length of the parabola. The 

lower half of Figure 7 shows the achromatic design developed for the Concentrator. In 

this design the loci of reflection points is parabolic and the surfaces of the mirror grid and 

mirror electrode diverge toward the edges of the Concentrator. This reduces the electric 

field in this region and compensates for the reduced velocity component parallel to the 

field lines. 

 

While energy-dependent focusing has been eliminated from the ion mirror, there are still 

energy dependent effects associated with the hydrogen-rejection grid and the acceleration 

can. Since the voltages of both of these electro-optical components operate directly on 

only one component an ion’s velocity, they alter the trajectories of incoming ions. This 

energy-dependent effect cannot be corrected by adjusting the electric fields around the 
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grids in the way that is done for the mirror and constitute the bulk of the remaining mass 

fractionation in the Concentrator. This problem is further compounded by the multiple 

charge states present in the solar wind and the fact that forces on the ion are proportional 

to an ion’s charge multiplied by the grid voltage. Table 3 gives a sampling of the charge 

states for some isotopes found in the solar wind and their mass per charge ratios.  

 

Table 3. Some isotopes, charge-states, and m/q ratios found in the solar wind. 
 

Figure 8 gives a schematic overview of the effects of the acceleration grid on the ion 

distribution hitting the target. The effect of the acceleration voltage is to narrow the 

angular distribution of ions with lower m/q more than the angular distributions of ions 

with higher m/q. This causes ions with lower m/q to be implanted more centrally in the 

target than ions with higher m/q. The hydrogen rejection grid acts to widen the angular 

distribution for ions with lower m/q more than for ions of higher m/q. The effects of the 

angular distribution changes introduced by the hydrogen rejection and acceleration 

voltages are not mutually cancelled out. Figure 9 shows the effect of different 

acceleration voltages on mass fractionation across the target. The planned operational 

acceleration voltage has been reduced from -10kV in the original flight plan to -6.5kV to 

reduce this effect. The final operational setting for the acceleration voltage was the result 

Isotope Charge-state m/q 
H 1 1.0 
4He 2 2.0 
16O 8 2.0 
18O 8 2.25 
18O 5 3.60 
22Ne 8 2.75 
56Fe 9 6.22 
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of a trade study in which the advantage of a lower mass fractionation gradient across the 

target is traded against a slightly higher concentration factor, lowered ion backscattering 

losses at the target surface, and deeper implantation depths. Mass fractionation resulting 

from the hydrogen-rejection grid is less easily reduced. Figure 4 shows the levels at 

which its voltage must be operated to reject the required 90% of the incoming hydrogen. 

This criterion cannot be relaxed without potentially damaging the target. The added mass 

fractionation that different levels of hydrogen-rejection grid voltages produce is discussed 

in detail in a companion paper to this one (Wiens et al., 2001). Table 4 gives the 

parameters that will be used to set the voltage on the hydrogen rejection grid.  

 
 
 

M R 
> 11 1.3 

11>M>9 1.2 

9 ≥M≥ 8 1.1 
8 >M >6 1.0 

≥6 0 
Table 4. The voltage setting on the hydrogen-rejection grid will be determined from the 

peak of the proton energy distribution and the thermal Mach number determined from the 
solar wind data provided by the Genesis Ion Monitor (Barraclough et al.,2001). 

 
 

After the electro-optical design was complete, the Concentrator development team had to 

determine what temperature control measures were needed and how best to implement 

them in an ultra-clean instrument. The requirement that the Concentrator not introduce 

additional oxygen or nitrogen into the target from sputtered ions meant that the 

instrument’s internal surfaces had to be coated with a material that would not form a 

native oxide layer or introduce N-bearing compounds. Gold is the most easily obtainable 

H rejection voltage VH = Ep* R 
 
M2 = mv2 / 2kT 
 
Ep is the peak in the proton energy 
distribution averaged over the last three 
consecutive measurement cycles. 
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coating that meets these criteria. Unfortunately gold has a thermal absorption to emission 

(alpha / epsilon) ratio, which causes it to heat to an unacceptably high temperature in 

some parts of the Concentrator. A careful examination of other materials which are N-

free and do not form native oxide layers established that they all had similar alpha to 

epsilon ratios. Active cooling could not be provided without violating the cleanliness 

requirements of the Concentrator (e.g. a micro-meteoroid-induced pinhole in a heat pipe 

would introduce contamination from coolant leakage) so other temperature mitigation 

methods had to be applied. The components of the Concentrator which have critical 

temperature control requirements are the target, the Concentrator Electronics Boxes 

(CEBs), and the grids. The most important element for which the operating temperature 

must be controlled is the target. The maximum target temperature above which diffusion 

would likely cause loss of the solar wind sample is 250°C. Microstepping the mirror 

electrode and placing the target behind an anodized sunshade (anodized materials have 

low alpha/epsilon ratios) reduced its operating temperature to an acceptable 230ºC, as a 

worst case calculation. The anodized coating on the sunshade is acceptable because it is 

external to the Concentrator’s focusing elements and their structures. The CEBs are 

mounted on the anti-solar side of the sample-return canister and, with sufficient thermal 

control of the Concentrator’s mounting plate, can be kept below an acceptable maximum 

operating temperature of 40ºC. Temperatures measured in the solar thermal tests 

performed on one of the Concentrator EMs are given in Table 5.  
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Component JPL EM Test 
 ºC 
Target Shade                         93 
Target Frame                        144 
Mirror                                   132 
Accel. Can                            105 
Accel Frame, in                    122 
Accel Frame, out                  105 

Table 5. Temperatures measured at different parts of the Concentrator during solar 
thermal vacuum testing.  

 

Thermal measurements and control of the grids and their supports presented several 

different challenges. The mirror electrode and grid support frames were mounted in a 

self-centering fashion on a series of pins in radial grooves that allowed them to expand 

relative to the Concentrator’s outer can which is cooled by radiation and by connection to 

the Concentrator’s baseplate. The baseplate is then in contact with the temperature 

controlled sample-return canister deck. The grids were produced from the same stainless 

steel as the frames but the inability of the tiny wires that make up the grids (φ = 25µm) to 

efficiently radiate their heat to space in comparison to the larger frame members means 

that the grids are substantially warmer when in sunlight. This raises concerns about grid 

wrinkling and deflection by the electrostatic forces on them from their high voltages. 

Further, when the spacecraft is turned so that as the Concentrator moves from sunlight to 

shadow, the fine grid wires, lacking thermal mass, cool immediately while the frames do 

not. This means the grids wrinkle in the sun and are severely stressed when moved into 

shadow. Grids need to be strong and very firmly attached to their frames without forcing 

the frame size to be large thereby blocking ions. Preliminary tests of grids mounted on 

hoops showed that woven mesh was far stronger than etched mesh. The Concentrator 

prototype used hexagonal 24 lines/cm (60 lpi) etched mesh but all later Concentrators 
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(both EMs and the FM) used woven mesh. Attachment of the grid to their frames was 

shown to be sufficiently strong both for grids spot welded to their frames with a cover-

shim or for grids clamped to their frames in concentric hoop mounts. For grids in areas 

critical for ion blockage, grids were spot welded to minimize frame size. Grids that had 

less critical areal constraints and were subject to more risks from handling were hoop 

mounted. The domed grid and grounded grid were both hoop mounted while the 

acceleration and hydrogen-rejection grids were spot welded. In both cases grids were 

bonded to only the inner and outer rings, and not to the radial ribs, to allow for greater 

flexibility of the mesh during heating or cooling events. Tests with grids in a solar 

thermal vacuum chamber demonstrated that rigidly mounted woven mesh could 

withstand the stresses induced by the thermal shock which occurs when the Concentrator 

is moved from full sunlight to shade, however the high operating temperature of the grids 

in comparison to that of their frames and the consequent wrinkling and sagging of the 

grids was unacceptable if the grids were gold coated. Careful analysis of the likelihood of 

material sputtering off uncoated grids and implanting in the target showed that, largely 

because of the very high open area of the grids, they could be left uncoated. The 

increased thermal emission of bare stainless steel relative to gold surfaces keeps the grids 

at a much lower temperature and does not cause significant wrinkling or sagging when in 

full sunlight. 

 

Another major concern was the structural integrity of the domed grid. The waffle-

patterned support shown in Figure 3 was found to be optimal for strength with minimal 

ion blockage however when grid was mounted on this frame using a mandrel to produce 
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a grid surface with the correct curvature, the grid was able to move and change its figure. 

There were concerns about how best to test the Concentrator mimicking the zero gravity 

and electrostatic forces on them. SIMION modeling showed that some defocusing caused 

by stretching the grid tightly over its frame, in fact, reduces mass fractionation in the 

Concentrator target. The second engineering model and the flight model used grids 

stretched tightly over the domed grid frame. This configuration has very good structural 

stability under all of the conditions in which the Concentrator must operate. As shown in 

Figure 10, support structures and grids were included in SIMION models. Also an 

analytic function for scattering by the grids was developed and integrated into the 

SIMION models showing that the 20 lines/cm (50 lpi) grids and their supports did not 

unduly change the ion focusing of the Concentrator. 

 

The electrostatic forces on the grids were also examined. Although this is not an issue for 

the tightly stretched domed grid, the flat grids have long unsupported spans that help 

them to withstand the sudden temperature changes that occur when the spacecraft moves 

off sun pointing or covers the Concentrator with the collection arrays.  The electrostatic 

forces on these grids are between 0.005 and 0.031 N (away from the mirror electrode for 

the acceleration grid and toward the mirror electrode for the hydrogen-rejection and 

grounded grids), while gravity on Earth exerts ~0.018 N on the grids. Functional testing 

of the Concentrator in a vertical position such as that shown in Figure 11 where the 

gravitational forces are orthogonal to the electrostatic forces indicated that the grids could 

maintain their shapes adequately when these forces are applied. 
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Electro-optic component Typical operating voltage Maximum CEB voltage EM Test voltage 
Hydrogen-Rejection grid 1.0kV (variable, 2.5 minute 

timescales) 
3.5kV 4.55kV 

Acceleration Can -6.5kV (fixed in flight) -10kV -13kV 
Mirror Electrode 8kV (variable, 2.5 minute 

timescales) 
10kV 13kV 

Table 6. Concentrator voltages. 
 
 

The programmable voltages that run the Concentrator are produced by two Concentrator 

Electronics Boxes. Each CEB produces all 3 voltages needed to run the Concentrator 

(hydrogen rejection, accelerator, and mirror electrode voltages) and each voltage is 

individually controllable. Table 6 lists all of the voltages needed in the Concentrator. 

Two CEBs are used to provide operational redundancy which is further enhanced by 

separately wiring each CEB output voltage into the Concentrator. Each voltage is output 

onto a coaxial cable and input to the Concentrator through hermetic feed-throughs welded 

into the Concentrator base plate. Figure 3 shows the cabling, feed-throughs (produced by 

Reynolds Inc.), and high voltage input section. The jumper wires that join the 

connections from each CEB to the bus bar that distributes the voltage to the related 

electrostatic element are also clearly visible. The currents drawn are very modest, coming 

from two sources:  1) Photoelectrons produced at the ground and acceleration grids each 

contribute approximately –500 nA to the H rejection grid, and the mirror grid produces 

about –360 nA which is collected on the mirror electrode.  2) Resistive coatings on the 

insulators which hold the mirror electrode in place and support the target below the 

sunshade. These coatings, which are described more completely below, act as high value 

resistors connected to the mirror electrode, hydrogen rejection grid, and accelerator grid, 

drawing approximately 0.25 µA, 0.5nA, and 0.5 nA respectively. The CEBs are able to 

supply approximately 3 µA at each voltage, well above requirements. The CEBs 
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underwent thermal vacuum tests at both the EM and FM levels to avoid contaminating 

the sensor head. 

Testing and Characterization 

The Concentrator has a unique design with a wide variety of requirements (see Table 2) 

which are of primary importance to the scientific goals of the Genesis mission. As such 4 

Concentrators (1 prototype, 2 EMs, and 1 FM) were built and subjected to a wide variety 

of tests. In addition to standard vibration, thermal vacuum, solar thermal vacuum, and 

thermal cycling, numerous tests were developed specifically for the Concentrator. 

 

The Concentrator is essentially a passive instrument.  It is designed to collect solar wind 

ions using voltage levels calculated from solar wind speed derived from the onboard solar 

wind ion monitor data (Neugebauer et al. 2001, Barraclough et al. 2001).  Its actual data 

will be collected by analyzing ions implanted in its target well after the mission is 

completed.  Only a very limited number of flight-like targets could be analyzed to test the 

Concentrator’s operation. Therefore in order to fully test and characterize the 

Concentrator it was necessary to develop several new methods of analyzing the 

implantation efficiency into the Concentrator's target and the overall operability of a 

Concentrator.  For these purposes 4 methods of testing and verifying Concentrator 

operation were developed: micro-channel plate detector (MCP) testing; foil implantation; 

grid and surface mapping; and target implantation. The first method, shown in Figures 11 

and 12, replaces the target with a set of MCPs and was developed to allow comparison of 

simulated performance with actual performance.  The upper 3 grids of the Concentrator 

must be replaced with grids on frames specially designed to hold the MCP assembly but 
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the field and grid configuration are identical to that used for flight. Using an imaging 

anode from Surface Science Inc., behind 3 MCPs, images of ions impinging in the target 

area of the Concentrator can be viewed in real time. Figure 11 shows a Concentrator EM 

with the MCP imaging assembly in place in the ion beam test facility.  Figure 13 shows a 

typical beam spot as imaged by the MCPs both as the ions enter the test chamber and as 

they impact the target surface.  Spot position comparisons with simulations were made by 

finding the two-dimensional Gaussian center of each recorded spot and the position of 

maximum count value in each spot and comparing them with the spot center calculated 

by SIMION. Figure 14 shows a comparison between MCP image spot maximum and 

gaussian center fit locations and SIMION calculations. 

 

Mechanical requirements prevented the MCP imaging area from reaching the edge of the 

target which prevented the MCP imaging method from verifying the Concentrator’s 

operation near the edge of its target and by analogy, the outer portion of its aperture. The 

outer portion of the Concentrator aperture comprises a major portion of the overall 

aperture area and also suffers from field variations due to edge effects. The standard 

methods of eliminating edge effects would require relatively large gaps between the 

external housing and the grids and other electro-optical elements. This would be an 

inefficient use of the limited volume and footprint available to the Concentrator onboard 

the spacecraft. For these areas foil implantation can be used to check the results of 

simulations in the outer region of the target. The number of data points is small in 

comparison to that available from MCP testing and this method also requires an 

understanding of the full implantation and concentration operation including focusing 
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efficiency and backscattering off the target. Foil implantation testing was performed by 

covering the target area with cleaned aluminum foil which has a very low background 

content of noble gases. The Concentrator was then exposed to beams of the noble gases 

He+, Ne+, and Ar+ and the analysis of the implanted noble gases were then compared with 

the amount expected from implantation time and measurements of the beam made with a 

Faraday cup and a non-concentrated control sample implanted into another foil. These 

tests showed good agreement with predictions. Table 7 shows a comparison of 

predictions from the simulations and measurement of implantation in the foils for one 

implantation test. This demonstrates both a good understanding and agreement with 

simulation of the Concentrator’s optics, mechanical construction, and implantation 

processes. 

 
 

 Portion  
of Target 

Measured  
Fraction 

SIMION 

Inner 1 cm 0.64 0.63 
Middle 1 cm 0.31 0.30 

 
He* 

Outer 1 cm 0.06 0.07 
Inner 1 cm  0.99 1.00 
Middle 1 cm 0.00 0.00 

 
Ne* 

Outer 1 cm 0.01 0.00 
 

Table 7. Comparison of Implanted Ions with SIMION Simulations 
*Test conducted with EM.  He and Ne were implanted with 140 mm straight line scans.  
For He the scan was perpendicular to and bisecting a radial arc at R = 121 mm.  For Ne 
the scan was nearly radial, near a support rib, from R = 50 to 190 mm.  All scans used 
normally incident 9 kV beams with mirror and acceleration voltages at +/-10 kV, 
respectively.  All noble gas measurements were corrected for backscattering losses. 

 
 
 
Several times in the Concentrator’s development and preparation for flight, its targets 

cannot be examined directly to verify its continued correct operation. Concentrator 
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operation must also be verified without access to its target in thermal vacuum and solar 

thermal vacuum testing as well as after final flight cleaning and preparation.  The MCPs 

and foil implantation cannot be used during thermal vacuum tests because the vacuum 

levels in these chambers are not sufficient. Also, when the Concentrator is finally 

assembled for flight, the targets in the Concentrator cannot be installed without partial 

disassembly of the upper portion of the flight instrument. Any misalignment, wrinkling, 

or damage to grids could be detrimental to the Concentrator’s operation and must be 

detected before flight. After final flight assembly the Concentrator is put in a high 

vacuum chamber and brought to full voltage to verify that no loose wires have been 

included and the operation of the power supplies is checked in high vacuum where the 

self-tests and current monitors for each of the high voltages produced by the flight CEBs 

can easily be verified. However the Concentrator could not be exposed to any ion beams 

or other sources that may cause unintentional implantation in the targets. Nevertheless, 

the FM Concentrator must be verified to be within the performance specifications listed 

above in a way that does not expose it to any possible contamination or implantation. 

Since the detailed operation of the Concentrator depends most directly on the exact 

nature of the surfaces of each of the grids and the mirror electrode, operational factors 

can be determined by accurately mapping each of the electro-optical surfaces in a 

Concentrator. Thus a non-invasive method of analyzing the state of the Concentrator’s 

electro-optical surfaces was needed.  Laser mapping of the grid, support, and mirror 

surfaces together with raytracing of the ion optics made it possible to assess the state of 

the Concentrator without activating it. However, mapping the surfaces of grids which are 

more than 90% transmissive in a fully assembled instrument where most surfaces are not 
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directly accessible, required the development of a unique optical mapping facility. Finely 

focused optical triangulation micrometers built by Precimeter proved capable of locating 

and determining the distance to a grid wire to within 0.1 mm and to 0.03 mm for solid 

surfaces. Each electro-optical surface of the Concentrator can be mapped for shape and 

alignment within tolerances on a 1mm by 1mm square grid using these sensors. A 

mapping facility using a 3-axis optical translation table to automatically raster the optical 

micrometer over the Concentrator and record the absolute position of each surface was 

developed. Figure 15 shows a schematic diagram of the laser micrometer’s operation in 

the mapping system.  The different focal ranges of a variety of these optical micrometers 

is coupled with the approximate distance the translation stages are programmed to 

maintain from the Concentrator so that each surface being mapped is differentiated from 

the other surfaces for each raster pass. A specification of no more than +/-3mm deviation 

from the ideal surface figure and no more than 0.3º misalignment with the housing was 

established using SIMION raytracing. A Concentrator meeting these surface 

requirements will electro-optically perform within design requirements. 

 

In addition to performing these critical verifications, the mapping facility was used to 

measure the added wrinkling expected in the grids when in space. When fully exposed to 

the Sun, as they will be throughout the collection portion of the mission, the grids wires 

are expected to be warmer than their support structures. Because of the extremely small 

diameter of the grid wires, their temperatures cannot be measured with any standard 

contact thermometer. The extremely rapid cooling of the grid wires when shadowed, 

requires that the state of the grids be measured while under direct insolation, making 
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infrared temperature measurements very difficult. The mapping facility once again served 

to provide data on the actual state of the grids. The optical micrometers have a notch 

filter that allows them to operate in sunlight. The wrinkling of the grids under direct 

sunlight was measured in the LANL solar thermal vacuum test chamber by a straight-

forward modification of the mapping facility which allowed it to map the grids through 

the chamber window. The measured wrinkling of the grids not only verified acceptable 

performance of the Concentrator under flight-like conditions but can also be used to 

estimate the temperature of the grids. 

 

Actual concentration factors and fractionation depend strongly on the actual solar wind 

conditions, which differ significantly from what could be achieved in the simulation 

chamber.  Realistic solar-wind performance of the concentrator could only be modeled 

rather than duplicated in the lab.  Modeling of the concentrator performance under actual 

solar wind conditions was carried out using a SIMION model as described in Wiens et al. 

(2001). The validity of the SIMION model was determined with data from the prototype, 

EM, and FM Concentrators by comparing simulations using the laser mapping data with 

the results of the MCP tests.  Figure 14 shows a comparison between simulated beam 

positions onto the target given a known beam input location and beam positions as 

measured by the MCP system. The agreement between the two is good but the 

simulations consistently underestimate the radius of the beam spot. It is however, 

believed to be sufficiently well understood that quantification of the mass fractionation of 

the ions implanted in the target is below the design requirement. One difficulty with the 

MCP data is that all 3 flat grids must be changed out to install the MCP system 
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necessitating remapping to determine the exact form of each grid each time a change is 

made.  

 

Every effort was made to map Concentrators under all of the various conditions to which 

they are subject to understand any changes in surfaces that would occur from such 

environmental factors as heating or vibration.  Maps from before and after vibration are 

shown in Figure 16 and illustrate the excellent dimensional stability of all Concentrator 

components.   

 

Target implantation, like foil implantation is a check of the fidelity of the full 

Concentrator system, design, simulation codes, and operation showing for example that 

grid transparency is as expected. However target implantation also confirms the complete 

target methodology from target production and handling to the analysis methods to be 

used for post-flight scientific investigations. Figure 17 shows a target after an 

implantation has been performed. This target has been archived for future analysis. 

 

Components and Component Level Testing 

Extremely strong mesh with the highest possible open area ratio was very important to 

the overall operation of the Concentrator. Woven mesh was found to be optimal for the 

Concentrator.  This mesh is considerably stronger and more consistent than etched mesh.  

In order to have sufficient open area, etched mesh must be eroded until it develops weak 

points in the corners where the etching process invades grain boundaries in the metal. 

Etched mesh also must be made from a very thin sheet of material so that if the bars of 
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the mesh measure 25µm along the surface they are generally only ~2.5µm normal to the 

surface.  Woven mesh wires are the same thickness in both directions and provide some 

extra resilience because of the slightly wavy pattern induced by weaving.  The mesh in 

the concentrator is made from 400 series stainless steel wire 25µm in diameter woven on 

a 20 lines/cm pitch. Pull tests confirmed additional strength from coldworking of the 

wires when they are drawn and the added ductility of the woven configuration. 

Immersion of mounted grids and grid samples in liquid N2 confirmed that there would be 

no phase change in the material which might cause dimensional and strength variations 

when shadowed during spacecraft maneuvers. 

 

The alumina high voltage standoffs separating the various Concentrator electrode 

elements are a possible source of field variations. Sunlight striking electro-optical 

surfaces within the Concentrator will generate photoelectrons, which in some cases will 

be drawn toward the insulating standoffs because of the orientation of the electric fields 

around them. Bare alumina has a bulk resistivity > 1016 Ω, which is sufficiently high that 

the standoffs may not be able to bleed off the photoelectrons quickly enough to prevent 

significant charge accumulation and possible voltage breakdown. This effect is generally 

small and can be studied under normal laboratory testing. However, in the case of 

insulators with conducting surfaces nearby which will be in full sunlight, raytracing is 

necessary to determine if photoelectrons deposited on the insulating surfaces result in 

increased charging and cause unwanted electro-optical effects. This effect cannot be fully 

tested under laboratory conditions because it requires simultaneous use of a sun source 

and an ion beam source which, for high fidelity, requires the use of different test 
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chambers. The maximum electron flux from the solar irradiation of metallic parts onto 

the insulators can be determined by first calculating the photoelectron production rates 

for the conducting surfaces and then performing trajectory simulations to determine 

transport efficiency of the photo electrons to the standoffs. If particle trajectories are 

disturbed by charging of the standoffs, resistance of the standoffs must be reduced 

significantly below their bare-alumina values. 

 

Analysis of this effect showed that the only insulators subject to excessive charging are 

the mirror electrode’s edge standoffs which are in the direct path of the photoelectrons 

ejected from the outer edge of the domed grid and the central standoff between the target 

and the target sun shade which is struck by ions which miss the target. Approximately 5 

nA of photoelectron current must be discharged by the 12 mirror electrode of standoffs, 

or ~0.5 nA per standoff, which determined that the maximum resistance should be less 

than 1013 Ω per standoff.  This is balanced by the need to keep the current drawn from the 

high-voltage power supply less than the supply limit of 3 µA.  This requires that the 

standoffs have a resistance of at least 1010 Ω per standoff.  Thus a resistance of about 

3x1011 Ω per standoff with a margin of a factor of +/-30 was desired. For the central 

standoff the resistance required was between 1010 and 1014 Ω. 

 

The coating chosen for the standoffs was SiC doped with nitrogen.  The nitrogen content 

in the SiC controls the bulk resistivity of the film and the SiC provides a hard, low-

oxygen easily-handled surface.  The N content is too low to cause concern over possible 

target contamination from sputtering of this coating. The film is normally deposited by a 
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discharge sputtering method in an argon environment of about 10 mTorr.  By adjusting 

the partial pressure of nitrogen gas in the discharge environment, the nitrogen doping 

content can be controlled.  For the 2.5 µm-thick film used here, the desired nitrogen 

partial pressure was empirically determined to be 5% in order to achieve the desired 

resistivity (~108 Ω-cm).  The coating thickness was determined by the vendor 

(Technology Assessment and Transfer, Inc.) using profilometry on witness slides. The 

most critical property of the SiC films is that they do not reduce the resistance between 

electrodes below the level necessary to operate the high voltage supplies.  This was 

verified during the high voltage functional test of the FM after buildup.  The current 

drawn from the power supplies was monitored to verify that the required level was 

acceptable.  To verify that the standoff resistance is also low enough to bleed off 

photoelectrons, a representative sample of the coated standoffs was tested to determine 

the individual resistances of the SiC films. Final resistance of flight standoffs was 5x1011 

Ω for each mirror electrode standoff and 2x1013 Ω for the target standoff. 

 

To determine if these films had the necessary stability for use in flight, lifetime testing of 

SiC films on glass slides and on alumina disks were placed in an oven at 80° C while the 

humidity was held at 100% for a period of 1 month. This simulated conditions prior to 

launch and is considered a significant over-test of expected environmental conditions. 

The films were doped with varying percentages of nitrogen partial pressure, ranging from 

0 to 40%.  Films coated on alumina showed no signs of wear.  However to varying 

degrees, all of the samples on glass slides showed peeling, except for a pure SiC film. 

Because the films on alumina represent the standoff configuration and the glass slides do 
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not, the failure of the films on glass slides was not considered to be of concern. Two 

samples of SiC coated on alumina, one at 7% nitrogen partial pressure and the other at 

16%, were next exposed to UV radiation from a xenon lamp to simulate solar irradiation.  

The exposure dosage (intensity x time) was 10 times the UV exposure expected over the 

mission lifetime. The 7% sample showed no signs of wear, whereas the 16% sample 

appeared to “fade”, as if the coating had been being ablated. The fading was particularly 

significant around the edges of the piece.  The adherence of the films does not appear to 

be affected.  Both coatings still pass the “tape” test and do not abrade while being rubbed 

with a latex-gloved finger.   The cause of the fading is unknown.  The exposure was 

carried out in air, and more importantly, in a fairly significant ozone environment (the 

ozone being created by the UV lamp). Thus the fading could either be due to a direct 

reaction with the UV radiation or a reaction involving the presence of air/ozone. The UV 

exposure test was considered to be successful for the Concentrator standoffs because the 

nitrogen partial pressure for coating the flight standoffs was 5%, which is below the 7% 

partial pressure coating conditions used for the sample that showed no signs of wear. The 

integrity of the coatings is expected to increase at lower nitrogen pressures as their 

composition becomes more like pure SiC. Thus, flight standoff coatings have wear 

properties that are as good as or better than the 7% sample.  Neither the mirror standoffs 

nor the central target support standoff are directly illuminated in normal Concentrator 

operation.  Finally, the tested exposure was a factor of 10 in excess of the expected dose, 

and in the unlikely event that some ablation occurs, it should be very much less than that 

in our testing. Figure 18 shows the coated mirror electrode standoffs. 
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Operation 

After an initial turn-on and test sequence is completed on orbit, the Concentrator voltages 

will be adjusted real time onboard to react automatically to changes in the solar wind. 

However, Concentrator voltages should not be changed too rapidly and consequently 

have limited deltas on existing potentials. Defining ∆V? = (V?)n – (V?)n-1 where (V?)n is 

the desired new voltage and (V?)n-1 is the readback voltage of the present CEB setting 

then |∆V?| ≤ 500 V.  If the desired change is more than 500 V, the CEB will catch up after 

2 or more cycles of 5-30 (nominally 30) seconds. The acceleration voltage will remain at 

–6.5 kV during normal operation. The mirror and hydrogen-rejection grid voltages are set 

based on the peak in the proton energy distribution, Ep.  Ep is a running average of the 

last three consecutive measurements of Ep defined as  

Ep = (Epn+Epn-1+Epn-2)/3  

to help smooth out any noise from individual measurements. The mirror voltage is 

VM = Ep*4.32 

as described in the Overview section. The hydrogen rejection-grid is set at  

VH = Ep* R 

where R is given in Table 4. The operational settings of the concentrator are archived 

along with the solar wind moments from the monitors, so that the concentrator target 

samples will be understandable in the context of the solar wind conditions experienced 

during the mission. 
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Summary 

The extremely demanding scientific and operational requirements placed on the 

Concentrator have all been met. Table 2 gives a complete list of performance 

requirements for the flight Concentrator. Many types of testing and characterization were 

used to verify that all of these criteria have been met. In order of the listing in Table 2 

here are the results of these tests and the expected performance of the Concentrator.  

1. The concentration factor varies for the type of solar wind encountered and reaches 

a maximum of 22.8 for low-speed solar wind. The worst case is 16.8 for high 

speed solar wind which occurs ~1% of the time. The concentration factor is 

calculated as follows: 

 

Geometric Factor = (Aperture Radius)2 / (Target Radius)2 = (20 cm)2/(3.1 cm)2 = 41.6 

Grid Transmission =  (Grid Open Area Ratio)(Number of grids traversed) = (0.9044)5 = 0.605 

Fraction Hitting Target = 0.669 to 0.907 from simulations 

Concentration Factor = Geometric Factor * Grid Transmission * Fraction Hitting Target 

                                   = 16.8 to 22.8 

The fraction of ions hitting the target will be determined by SIMION for the solar 

wind conditions encountered thus the expected integrated concentration factor is 

over 20 but will depend on the exact solar wind conditions encountered.  

2. Sufficient target area is needed to allow several analyses of the target material and 

archival of ≥50% for future analysis. This required a target area of ≥15 cm2. The 

measured target active area in the Concentrator is 25.9cm2. While this is relatively 

large, the concentration of ions in the target decreases as a function of radius so 
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that the most desirable portions of the target will be the inner ~15cm2. Figure 6 

shows the target assembly including the alternating wedges of SiC and diamond. 

These different materials have different background contamination levels of the 

elements and isotopes of interest and the separate analyses and background levels 

should allow for more verifiable results.  

3. The Concentrator must focus ions with widely varying charge state and velocity 

distributions into its target without introducing unknown variations and, thus, 

analysis errors, in the implanted 17O/16O ratio different from that in the solar wind 

by greater than 0.1%. Implantation variations can be calculated with SIMION 

before flight to this level and will be checked after flight with Ne+ implantation 

levels. Details of the simulations used to verify this level of operation are given in 

Wiens et al. 2001. 

4. The Concentrator target temperature must not exceed 250°C to avoid damage to 

the target material and release of the implanted species. The experimentally 

determined temperature is 230°C.  

5. To further avoid damage to the target from hydrogen buildup, 90% of Solar wind 

proton fluence must be prevented from reaching the target. Figure 4 shows that 

with the planned operational methodology the current design rejects ~93%.  

6. Concentrator cleaning, coating, handling, and final cleaning methods have been 

verified to have a surface contamination by C, N, O below 1015 atoms/cm2 under 

ultra high vacuum (<10-8torr) conditions at 200ºC. The level of contamination was 

continually monitored in all operations before flight by the use of witness plates. 

In addition, the Concentrator underwent a final cleaning and gold coating after all 
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testing was complete and just before flight to eliminate any possibility of 

contamination during handling. Both of these operations had been previously 

analyzed and found to meet the contamination design specification. Once in 

flight, contaminates do not implant and the outer layer of the targets will be 

removed before analysis of the implanted solar wind is performed. 

 

The FM Concentrator in its final configuration for flight is shown in Figure 19. We look 

forward to the return of the Concentrator and its targets. Upon retrieval the Concentrator 

will be returned to Los Alamos National Laboratory for analysis of its operation with the 

mapping facility, the targets will be removed under ultra-clean conditions, and then the 

Concentrator will be tested in the ion beam facility. If the midair capture of the sample-

return canister fails we expect that there will be some damage to the Concentrator that 

may make mapping and operation in the ion beam impossible but we expect to retrieve 

the target pieces intact.  

 

Concentrator Design Parameters 

Overall diameter 46 cm 
Overall height, excluding CEBs 21 cm 
Working aperture 40 cm 
Target diameter 06.2 cm 
Focal length, mirror electrode 21.7 cm 
Focal length, domed grid frame 14.0 cm 
Mirror grid stand-off from electrode ≥2.5 cm 
H-grid to ground grid stand-off 0.6 cm 
Acceleration grid to H-grid stand-off 1.8 cm 
Domed Grid to Acceleration Grid at Center 14.35 cm 
Domed Grid to Target at Center 13.85 cm 
  
Electrode microstep height 100 microns 
 
Concentrator mass, excluding CEBs  6.0 kg 
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HVPS mass, (CEBs, each of two)  1.4 kg 
 
Maximum allowable target temperature 250°C 
CEB operating thermal range -10/+55°C 
CEB survival thermal range -15/+55°C 
 
Ground Grid Aperture 41.6 cm 
Domed Grid Aperture 40.0 cm 
Mirror Electrode Diameter 41.9 cm 
Angle of electrode at edge, relative to normal 25.8 ° 
 
 
Offset angle relative to canister 0° 
 
Acceleration potential -6.5 kV 
H grid potential range 0.1 to 3.5 kV 
Mirror Electrode potential range 2.0 to 10.0 kV 
Nominal H grid potential ~1.3*Ep 
Nominal mirror potential 4.32*Ep 
H grid steps 0.855 V linear 
Mirror electrode steps 2.44 V linear 
 
Desired solar wind velocity range 300-800 km/s 
Desired solar wind energy range 0.47-3.34 keV/amu 
Desired solar wind m/q range 2.0-3.6 
Mirror penetration for (hypothetical) ions normally incident at center (% of distance from 
grid to electrode) 
     m/q = 2.0 (16O+8): 83.8% 
     m/q = 3.6 (18O+5): 95.0% 
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Figure 1. The Concentrator in its flight configuration is visible inside the science 
canister. During the spacecraft’s journey to and return from the L1 point and during 
the re-entry into Earth’s atmosphere the collector arrays are stowed over the 
Concentrator and the lid containing the bulk collector array is closed forming an 
airtight seal to protect the exposed samples from contamination. 
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Figure 2. Cross-section of the Concentrator showing the major elements of its design. 
Electro-optic elements that share voltage levels are color coded to indicate which parts 
are electrically connected. The left-hand side shows a cross-section through the grid 
supports and insulators, while the right-hand side shows the cross section between 
insulators and grid support ribs. 
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Figure 3. Three dimensional cut-away view of the Concentrator showing its major 
mechanical and electro-optical components (for clarity only the grid supports and not 
the grids themselves are shown). The Concentrator electronics boxes and the cabling 
leading from them to the hermetically sealed high-voltage feed-throughs and the high 
voltage input section where voltage is distributed to the Concentrator’s electro-optical 
elements are clearly visible. The high voltage input section is shown without its cover 
which is attached to the outer skin of the Concentrator for flight.
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Figure 4. The upper panel shows the fraction of H+ rejected by the hydrogen-rejection 
grid for a given ratio, R. The middle panel shows the expected loss of 12C+6 ions vs. R. 
With an m/q of 2.0 amu/charge, 12C+6 is indicative of the worst-case losses induced by 
the hydrogen-rejection grid. C itself cannot be measured in the Concentrator targets 
which all have C as a component. The lower panel shows the mass fractionation of O 
introduced by the hydrogen-rejection grid as a function of ratio and thermal Mach 
number. These panels give the calculated effects of the hydrogen-rejection grid for 
average solar wind conditions for the years 1987-1995.
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Figure 5. The Concentrator’s mirror electrode which can be operated at up to +10kV 
to produce, in conjunction with the domed mirror grid, a reflecting field which focuses 
ions onto the Concentrator target. The bottom panel shows an enlarged view of the 
mirror’s center where the microstepping, which prevents this electrode from focusing 
light onto the target, can be seen most easily. 
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Figure 6. The Concentrator target is shown fully assembled at left and in an exploded 
engineering drawing at right. The SiC, CVD diamond, and amorphous diamond film 
on Si sections are clearly visible. The drawing on the right labels the sectors as they 
are arranged in the flight configuration. Also visible in blue in the drawing at right are 
the springs which apply force to the corners of the target sectors holding them firmly 
during vibration. 
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 Ti = 10keV/q  Ti = 2.5keV/q 

Ti = 2.5keV/q  Ti = 10keV/q 

Figure 7. Comparison of Concentrator electro-optical designs for ions of different 
energies. The design in the upper two panels uses confocal parabolas for the domed 
grid and mirror electrode, but it is energy-dependent. Although it focuses ions with 
incident energy of Ti = 10keV/q it focuses poorly at 2.5keV/q. The Concentrator’s 
optimized design which maintains its focus over all input energies is shown in the 
lower two panels. This design drastically reduces the expected isotopic fractionation.
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Figure 8.  An exaggerated drawing illustrating the different effects of the acceleration 
grid on 16O than 18O.  External to the Concentrator the isotopes have the same angular 
distribution, but the acceleration grid is more effective at straightening the 
distribution of 16O. 16O is then more tightly focused than 18O, leading to a 
fractionation gradient on the target, with more 16O concentrated at the center. 
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Figure 9. The permil mass fractionation of 18O at a given radius across the target as 
produced by different operating voltages on the acceleration grid. 
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Figure 10. A cross sectional view of the Concentrator as it is modeled in SIMION. 
Ribs supporting each of the four grids can be seen along with the paths of several ions 
showing their reflection in the mirror region and implantation into the target. 
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Figure 11. The EM Concentrator is installed in the ion beam test chamber. The central 
MCP assembly and cable harness can be seen inside a metal cover used to prevent 
stray fields from this assembly from causing deviations to incoming ion trajectories. 
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Figure 12. The upper panel shows a cross section of the Concentrator with the MCP 
imaging assembly installed. The bottom panel shows an enlarged view of the MCP 
assembly itself. The large vertical structures at the sides of the bottom illustration are 
the high voltage input pins needed to power the MCP stack. 
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Figure 13. Two ion beam images produced with MCP assemblies. The upper panel 
shows an image of the beam before entering the Concentrator. The lower panel 
shows the same beam as it impinges on the MCPs at the target location. The 
hexagonal shape is due to refraction off the hexagonal etched grid used in the 
prototype and is only observed when the voltage on the rejection grid is nearly equal 
to the incident ion energy.  
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Figure 14. Comparison of the SIMION-predicted location of ion beams on the 
target and the location determined from the MCP imaging system data vs. the 
input beam position. The Y and Z-axes are orthogonal directions parallel to the 
surface of the target. Despite the use of mapping data in the SIMION calculations, 
there is a systematic under-prediction of the radial spot location. 
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Figure 15. The Concentrator optical mapping facility uses optical micrometers which 
operate by detecting the diffuse reflection off a surface. Several different micrometers 
with different measurement ranges were used to select the grids and surfaces of interest 
on each pass of the mapping facility’s translation stages. 
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Figure 16. Color coded mapping of deviations from ideal for the FM acceleration grid 
surface (top) and FM domed grid (bottom) before and after vibration. The hydrogen 
rejection maps are referenced to a flat plane, while the domed grid maps are 
referenced to a paraboloid, so the dimples between supports are clearly visible. Only 
very small changes are visible indicating good dimensional stability for the grids.  
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Figure 17. Concentrator target used for implantation test. The location of the 
implantation is clearly visible in a SiC segment. Several reflections from items on 
nearby work benches are also visible. 
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Figure 18. The lower portion of the Concentrator showing the microstepped mirror 
electrode. The N-doped SiC coated alumina insulators used around the edge of the mirror 
electrode appear black instead of the normal white of uncoated alumina. The opening in the 
housing and input post where the high voltage connection is made to the mirror electrode is 
also visible at the top of the photo. 
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Figure 19. Final view of the FM Concentrator after gold coating, high voltage testing, 
and mapping in preparation for final mating with the science canister and spacecraft. 
The welded cover of the high voltage input section is closest to the camera. 
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